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(54) Parallel duobinary encoder for optical transmission systems 

(57) A precoding-multiplexing circuit is formed by a 
precoding circuit for carrying out a preceding with 
respect to n sets of parallel input binary data signals 
having a bit rate equal to RVn, to obtain n sets of parallel 
precoded signals, and a time division multiplexer for 
time division multiplexing the parallel precoded signals 
obtained by the precoding circuit, in units of one bit, and 
outputting time division multiplexed output signal having 
a bit rate equal to R. In this configuration, the encoding 
is realized by processing electric signals before the time 
division multiplexing, so that it becomes possible for the 
precoding circuit to handle signals which are slower 
than the transmission rate, and therefore it becomes 
easier to realize the higher transmission rate. 
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Descripti n 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a precoding 
circuit and a precoding-multiplexing circuit for use in 
generation of very high speed signals to be utilizing in 
an optical fiber communication system. 

DESCRIPTION OF THE BACKGROUND ART 

[0002] In the very high speed optical fiber communi- 
cation system, the influence of the chromatic dispersion 
of an optical fiber transmission line becomes noticeable. 
[0003] As a transmission scheme with a high dis- 
persion tolerance, the optical duobinary transmission 
scheme is known. The optical duobinary transmission 
scheme can realize the dispersion tolerance approxi- 
mately twice higher than that of the Non-Return-to-Zero 
(abbreviated hereafter as NRZ) transmission scheme, 
so that it is expected to be applicable to the very high 
speed optical transmission system (see K. Yonenaga 
and S. Kuwano, "Dispersion-Tolerant Optical Transmis- 
sion System Using Duobinary Transmitter and Binary 
Receiver", Journal of Lightwave Technology, Vol. 15, 
No. 8, pp. 1530-1537, August 1997). A conventional 
transmitter of the optical duobinary 
[0004] transmission system has a configuration 
shown in Fig. 1, which shows an exemplary case of 
transmitting two input signals X1 and X2 by time division 
multiplexing. A multiplexer 1 is formed by a circuit such 
as a signal selector for alternately selecting two input 
signals X1 and X2 periodically. 
[0005] As shown in Fig. 2, in a signal X3 outputted 
by the multiplexer 1 , components of the two input sig- 
nals X1 and X2 appear alternately in time division. In 
this example, the number of multiplexing is two, so that 
the bit rate of the signal X3 is twice higher than that of 
the input signals X1 and X2. 

[0006] The signal X3 outputted by the multiplexer 1 
is entered into a precoding circuit called precoder. In 
general, as shown in Fig. 1 , a precoder 2 is formed by 
an exclusive OR (EXOR) circuit 21 and a one-bit delay 
22. A signal X5 delayed by the one-bit delay 22 is fed 
back to an input of the EXOR circuit 21 . 
[0007] As shown in Fig. 2, the precoder 2 inverts 
the logical value of the output only when the logical 
value of its input signal X3 is T, and maintains the log- 
ical value of the output when the logical value of its input 
signal X3 is "0". 

[0008] The EXOR circuit 21 of the precoder 2 calcu- 
lates the exclusive OR of the input signal X3 and a sig- 
nal X5 obtained by delaying its output signal X4 for one 
bit time. The state of the signal X5 outputted by the pre- 
coder 2 changes according to the initial valu of the sig- 
nal X4 outputted by the EXOR circuit 21 . In the example 



shown in Fig. 2, it is assumed that the initial value of the 
signal X4 is the logical value "0", but the case where the 
initial value of the signal X4 is the logical value "1" is 
similar except that the logical value of the signal is 
5 inverted. Note that a delay time due to the EXOR circuit 
21 and the like is not taken into consideration in the 
example of Fig. 2. 

[0009] In the example of Fig. 1 , the output signal X5 
of the precoder 2 is taken from the output of the one-bit 
w delay 22, but there is also a case where the output sig- 
nal X4 of the EXOR circuit 21 is taken as the output sig- 
nal of the precoder 2. In such a case, the signal timing 
will be shifted by one bit but there is no essential differ- 
ence. 

15 [0010] The binary signal outputted by the precoder 

2 is entered into a logical inverter 3. This logical inverter 

3 outputs a non-inverted signal and an inverted signal 
which have phases differing by 180° each other. These 
non-inverted signal and inverted signal are converted 

20 into a non-inverted duobinary signal and an inverted 
duobinary signal through separately provided low pass 
filters (LPF) 4 and 5 respectively, and applied as modu- 
lating electric signals to a push-pull type MZ (Mach- 
Zehnder) modulator 7. 

25 [001 1 ] For the low pass filters 4 and 5, filters having 
a blocking frequency that is approximately 1/4 of the 
transmission rate are used, for example. Through the 
low pass filters 4 and 5, the non-inverted signal and the 
inverted signal are converted from binary values of "0" 

30 and "1" into signal sequence voltages in ternary values 
of "-1", "0 H and "1". 

[0012] The MZ modulator 7 modulates the trans- 
mission of lights entered from a light source 6 formed by 
a laser diode or the like according to the non-inverted 

35 duobinary signal and the inverted duobinary signal. 
Namely, when the signals in ternary values of n -1 "0" 
and "1" are applied as the non-inverted duobinary sig- 
nal and the inverted duobinary signal, the transmission 
becomes maximum when the signal has a value p -1" or 

40 "1" and minimum when the signal has a value "0". 
[0013] Note however that the case where the ter- 
nary non-inverted duobinary signal has a value "1" and 
the ternary inverted duobinary signal has a value M -1 M 
and the case where the ternary non-inverted duobinary 

45 signal has a value "-1" and the ternary inverted duobi- 
nary signal has a value tt r are different in that the 
phase of the light outputted from the MZ modulator is 
reversed due to the inversion of the polarity of the 
applied voltage. In other words, the MZ modulator 7 out- 

so puts optical pulses in which the intensity and the phase 
of the light are modulated according to the ternary duo- 
binary signals. 

[0014] The optical pulses outputted from the MZ 
modulator 7 are amplified by the erbium-doped fiber 
55 amplifier (EDFA) 8, and then outputted to an optical 
transmission line (not shown). 
[0015] In the transmitter of this type of optical duob- 
inary transmission system, conventionally the precod- 
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ing circuit has been made faster by using the high speed 
tC process. 

[001 6] However, in the case where the conventional 
precoding circuit is used in processing multiplexed sig- 
nals which have the same rate as the transmission rate 
as a result of the time division multiplexing of electric 
signals by the multiplexer as shown in Fig. 1 , the follow- 
ing problems occur if an attempt to make the transmis- 
sion rate even higher. 

[0017] First, there is a problem in that the multi- 
plexed signals cannot be processed because of the lim- 
itation on the bit rate of the EXOR circuit. The bit rate of 
the signals processed by a selector circuit that consti- 
tutes the multiplexer is only up to 1/2 of the transmission 
rate, but the EXOR circuit is required to process high 
speed signals as fast as the transmission rate which is 
the maximum bit rate. 

[0018] For this reason, if the EXOR circuit and the 
selector circuit are formed using the same transistor 
process, the EXOR circuit generally cannot process the 
signals in the maximum operation bit rate of the selector 
circuit. 

[0019] Second, there is a problem in that the reali- 
zation of one-bit delay is difficult. As a way of realizing 
one-bit delay, a method utilizing the propagation delay 
time of the feedback transmission line, a method utiliz- 
ing the propagation delay of buffer amplifiers connected 
in series, and a method using a D type flip-flop (abbrevi- 
ated hereafter as "D-F/F") are known. In particular, the 
method using D-F/F is very effective because it is possi- 
ble to set the delay time to the optimal value by adjust- 
ing the phase of clock signals externally using a 
configuration shown in Fig. 3. 

[0020] However, if the propagation delay of the cir- 
cuit becomes unignorable compared with a time-slot of 
one bit duo to the increase of the transmission rate, the 
delay time required for the feedback to the EXOR circuit 
would become longer than one time-slot time. 
[0021] This point will now be described by referring 
to an exemplary case shown in Fig. 3 arid Fig. 4. In this 
example, it is assumed that the input signal data is in a 

form of w 1 100 " and that the initial state of 

the output signal of the EXOR circuit of Fig. 3 is M 0*\ 
[0022] As shown in Fig. 4, in response to the first 
"1 ' bit of the input signal, the EXOR circuit 1 2 inverts the 
logical value of the output signal from tt 0 M to "1" after an 
internal delay time d1. Also, a delay time d2 is required 
at the D-F/F 13 since reading the signal outputted by the 
EXOR circuit 12 until outputting it. 
[0023] The D-F/F 13 is generally called master- 
slave type, which has a two-stage internal configuration 
formed by a master latch and a slave latch. When the 
clock signal is "0°, the master latch reads the input, and 
at an instance of the transition of the clock signal from 
"O" to "1", the logical level determined inside the master 
latch is read into the slave latch while the output of the 
D-F/F 13 is rewritten and the rewritten information is 
maintained until the clock signal becomes n 1 D state next. 



Consequently, the delay time 62 inevitably includes a 
delay of a half period of the clock required for the D-F/F 
13 since reading the input until rewriting, in addition to 
the propagation delay of the circuit itself. 

5 [0024] In order for the precoding circuit to realize 
the one-bit delay, it is necessary for a sum of the above 
described delay times d1 and d2 to coincide with the 
one-bit delay time. However, when the total delay time 
exceeds the one-bit delay due to the increase of the 

w transmission rate, the phase shift of signals at the input 
terminal of the EXOR circuit 12 occurs and this in turn 
causes an operation error due to the occurrence of a 
notch in the output signal of the EXOR circuit 12 as 
shown in Fig. 4. 

15 [0025] As described, in the conventional encoder 
circuit such as the precoder, the propagation delay of 
the circuit itself becomes unignorable in addition to the 
limitation on the bit rate of the circuit itself, so that it has 
been quite difficult to make the circuit faster. 

20 

SUMMARY OF THE INVENTION 

[0026] It is therefore an object of the present inven- 
tion to provide a precoding circuit and a precoding-mul- 
tiplexing circuit capable of handling very high 
transmission rate by a simple configuration. 
[0027] According to one aspect of the present 
invention there is provided a precoding-multiplexing cir- 
cuit, comprising: a precoding circuit for carrying out a 
precoding with respect to n sets of parallel input binary 
data signals having a bit rate equal to R/n, to obtain n 
sets of parallel precoded signals; and a time division 
multiplexer for time division multiplexing the parallel pre- 
coded signals obtained by the precoding circuit, in units 
of one bit, and outputting a time division multiplexed out- 
put signal having a bit rate equal to R. 
[0028] According to another aspect of the present 
invention there is provided a precoding circuit, compris- 
ing: an input receiving n sets of paralle input binary data 
signals having a bit rate equal to R/n; a precoder for car- 
rying out a precoding with respect to the parallel input 
binary data signals, to obtain n sets of parallel precoded 
signals, such that time division multiplexed signals hav- 
ing a bit rate equal to R that can be obtained by time 
division multiplexing the parallel precoded signals will 
be equivalent to signals that can be obtained by precod- 
ing n sets of binary data signals that are time division 
multiplexed in units of one bit in advance; and an output 
outputting the parallel precoded signals obtained by the 
precoder. 

[0029] According to another aspect of the present 
invention there is provided a differential encoder for car- 
rying out a precoding with respect to input binary data 
signals, to obtain encoded signals in which an output 
logical value is maintained for a first input logical value 
while an output logical value is inverted for a second 
input logical value, comprising: an EXOR circuit having 
one input to which the input binary data signals are 
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entered; and a D-type flip-flop connected to an output of 
the EXOR circuit and formed by a master latch and a 
slave latch, an output of the master latch being fed back 
to another input of the EXOR circuit while also entered 
into the slave latch, and an output of the slave latch 
being outputted as an output of the differential encoder. 
[0030] According to another aspect of the present 
invention there is provided a differential encoder for car- 
rying out a precoding with respect to input binary data 
signals, to obtain encoded signals in which an output 
logical value is maintained for a first input logical value 
while an output logical value is inverted for a second 
input logical value, comprising: (n-1) sets of first delay 
units connected in series, for sequentially delaying an 
input of the differential encoder, for one time-slot time at 
each first delay unit; a first EXOR circuit for calculating 
an exclusive OR value of all of the input of the differen- 
tial encoder and (n-1) sets of outputs of the first delay 
units; a second EXOR circuit having one input con- 
nected to an output of the first EXOR circuit, an output 
of the second EXOR circuit being outputted as an out- 
put of the differential encoder; and a second delay unit 
for delaying an output of the second EXOR circuit for n 
time-slot time, an output of the second delay unit being 
fed back to another input of the second EXOR circuit. 
[0031] Other features and advantages of the 
present invention will become apparent from the follow- 
ing description taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] 

Fig. 1 is a block diagram showing a configuration of 
a transmitter in a conventional optical duobinary 
transmission system. 

Fig. 2 is a timing chart for an exemplary operation of 
a multiplexer and a precoder in the transmitter of 
Fig. 1. 

Fig. 3 is a block diagram showing a conventionally 
known exemplary configuration of a one-bit delay. 
Fig. 4 is a timing chart for an exemplary operation of 
the one-bit delay of Fig. 3. 
Fig. 5 is a block diagram showing a schematic con- 
figuration of a precoding-multiplexing circuit accord- 
ing to the first embodiment of the present invention. 
Fig. 6 is a block diagram showing a detailed config- 
uration of a precoding circuit in the precoding-multi- 
plexing circuit of Fig. 5. 

Fig. 7 is a block diagram showing one exemplary 
configuration of a multi-input EXOR circuit that can 
be used in the precoding circuit of Fig. 6. 
Fig. 8 is a block diagram showing another exem- 
plary configuration of a multi-input EXOR circuit 
that can be used in the precoding circuit of Fig. 6. 
Fig. 9 is a block diagram showing an exemplary 
configuration of the precoding circuit in the precod- 



ing-multiplexing circuit of Fig. 6 for a case of the 
number of multiplexing n = 2. 
Fig. 10 is a timing chart for exemplary signals in the 
precoding-multiplexing circuit of Fig. 9. 

5 Fig. 1 1 is a block diagram showing an exemplary 
configuration of the precoding circuit in the precod- 
ing-multiplexing circuit of Fig. 6 for a case of the 
number of multiplexing n = 4. 
Fig. 12 is a timing chart for exemplary signals in the 

w precoding-multiplexing circuit of Fig. 1 1 . 

Fig. 13 is a block diagram showing a configuration 
of a precoding-multiplexing circuit according to the 
second embodiment of the present invention. 
Fig. 14 is a timing chart for exemplary signals in the 

15 precoding-multiplexing circuit of Fig. 13. 

Fig. 15 is a block diagram showing a configuration 
of a precoding circuit according to the third embod- 
iment of the present invention. 
Fig. 1 6 is a timing chart for exemplary signals in the 

20 precoding circuit of Fig. 1 5. 

Fig. 17 is a block diagram showing a configuration 
of a precoding circuit according to the fourth 
embodiment of the present invention. 
Fig, 18 is a block diagram showing an exemplary 

25 configuration of the precoding circuit of Fig. 1 7 for a 
case of the number of multiplexing n = 2. 
Fig. 1 9 is a timing chart for exemplary signals in the 
precoding circuit of Fig. 18. 
Fig. 20 is a block diagram showing an exemplary 

30 configuration of the precoding circuit of Fig. 1 7 for a 
case of the number of multiplexing n = 3. 
Fig. 21 is a block diagram showing an exemplary 
configuration of the precoding circuit of Fig. 1 7 for a 
case of the number of multiplexing n = 4. 

35 Fig. 22 is a block diagram showing a schematic 
configuration of a precoding-multiplexing circuit 
according to the fifth embodiment of the present 
invention. 

40 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS. 

[0033] Referring now to Fig. 5 to Fig. 12, the first 
embodiment of a precoding circuit and a precoding-mul- 
45 tiplexing circuit according to the present invention will be 
described in detail. 

[0034] Fig. 5 shows a schematic configuration of a 
precoding-multiplexing circuit in this first embodiment, 
and Fig. 6 shows a detailed configuration of the precod- 

so ing-multiplexing circuit of Fig. 5. Fig. 7 shows one exem- 
plary configuration of a multi-input EXOR circuit used in 
the configuration of Fig. 6, and Fig. 8 shows another 
exemplary configuration of a multi-input EXOR circuit 
used in the configuration of Fig. 6. 

55 [0035] Fig. 9 shows a configuration of the precod- 
ing-multiplexing circuit of the first embodiment in an 
exemplary case of the number of multiplexing n = 2, and 
Fig. 10 shows exemplary signals in the precoding-multi- 
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plexing circuit of Fig. 9. Fig, 1 1 shows a configuration of 
the precoding-rnultiplexing circuit of the first embodi- 
ment in an exemplary case of the number of multiplex- 
ing n - 4, and Fig. 12 shows exemplary signals in the 
preceding-multiplexing circuit of Fig. 11. 
[0036] In the transmitter shown in Fig. 1 , for exam- 
ple, the electric signals that are time division multiplexed 
and encoded are entered into the logical inverter. Out- 
put signals 201 outputted by the precoding-rnultiplexing 
circuit 200 of Fig. 6 are similar to the electric signals 
entered into the logical inverter in Fig. 1. Input signals 
101 inputted into the precoding-rnultiplexing circuit 200 
of Fig. 6 correspond to signals X1 and X2 that are 
entered into the multiplexer in Fig. 1 . 
[0037] In other words, the precoding-rnultiplexing 
circuit 200 of Fig. 6 functions similarly as the multiplexer 
and the precoder shown in Fig. 1. However, the signal 
processing procedure and the coding content are 
largely different. In the case of the transmitter of Fig. 1 , 
the signals multiplexed by the multiplexer are processed 
by the precoder, whereas in the precoding-rnultiplexing 
circuit 200 of Fig. 6, the input signals (binary signals) 
101 before the multiplexing are precoded by the precod- 
ing circuit 100 first, and then the time division multiplex- 
ing processing is carried out by the time division 
multiplexer 210. 

[0038] The input signals 101 inputted into the pre- 
coding circuit 100 are parallel signals in which n sets of 
binary signals to be multiplexed together are arranged 
in parallel, where n is the number of multiplexing, so that 
the bit rate of the input signals 101 is 1/n of the bit rate 
after the multiplexing (transmission rate). 
[0039] In other words, the precoding circuit 100 
handles electric signals that are slower compared with 
the transmission rate, so that the precoding circuit 100 
can be formed by relatively slow circuit elements. Con- 
versely, when circuit elements as fast as conventional 
ones are used in the precoding circuit 1 00, the transmis- 
sion rate can be increased n times compared with the 
conventional case. 

[0040] In the precoding circuit 1 00, the precoding is 
carried out such that signals equivalent to the signals 
entered into the logical inverter in Fig. 1 will be output- 
ted from the time division multiplexer 210 as the output 
signals 201 , for example. The result of this precoding 
will be outputted from the precoding circuit 100 in forms 
of n sets of parallel signals. 

[0041] The n sets of parallel signals outputted by 
the precoding circuit 100 are entered into the time divi- 
sion multiplexer 210 and time division multiplexed there. 
Namely, these signals are arranged in a prescribed 
order in time series and converted into the output sig- 
nals 201 in a bit rate that is n times higher than that of 
the input signals 101. 

[0042] In the case where the number of multiplexing 
signals is n, the precoding circuit 100 of Fig. 5 has a 
configuration as shown in Fig. 6. In the configuration of 
Fig. 6, the precoding circuit 100 comprises a multi-input 



EXOR circuit 110, a differential encoder 120, and (n-1) 
sets of EXOR circuits 130. 

[0043] The n sets of the input signals 101 are all 
entered into the multi-input EXOR circuit 110, and the 
5 exclusive OR of all of the n sets of the input signals 101 
is calculated there. 

[0044] The signal outputted from the multi-input 
EXOR circuit 110 is then entered into the differential 
encoder 120. The differential encoder 120 maintains the 

w output logical value with respect to the first logical input 
value ("O" for example) of its input signal and inverts the 
output logical value with respect to the second input log- 
ical value ("1" for example) of its input signal, and out- 
puts a signal obtained by giving a delay of one time-slot 

15 time (one bit time) with respect to the input. 

[0045] The signal outputted by the differential 
encoder 120 and the first input signal 101(1) in the time 
series arrangement order for the multiplexing are 
entered into two inputs of the first EXOR circuit 1 30(1). 

20 [0046] The signal outputted by the first EXOR cir- 
cuit 130(1) and the second input signal 101(2) in the 
time series arrangement order for the multiplexing are 
entered into two inputs of the second EXOR circuit 
4 130(2). 

25 [0047] Similarly, the signal outputted by respective 
one of the second to (n-2)-th EXOR circuits 130(2) to 
130(n-2) and respective one of the third to (n-1)-th input 
signals in the time series arrangement order for the mul- 
tiplexing are entered into two inputs of respective one of 

30 the third to (n-1 )-th EXOR circuit 1 30(1 ). 

[0048] Then, the signal outputted by the differential 
precoder 120 and the signals respectively outputted by 
the (n-1) sets of the EXOR circuits 130(1) to 130(n-1) 
are entered into the time division multiplexer 210 as sig- 

35 nals after the precoding. In other words, the n sets of 
precoded parallel signals are entered into the time divi- 
sion multiplexer 210. 

[0049] The configuration of the precoding circuit 
100 shown in Fig. 6 is based on the following principle. 

40 The function required for the precoding to be carried out 
by the precoding circuit 100 is to set "O" and "1" of the 
binary data signals to be actually transmitted into corre- 
spondence to changes between two neighboring sym- 
bols of the output signals. 

45 [0050] In other words, the coding is done such that, 
when the logical value "O" is to be transmitted, "no 
change" in the symbols is outputted, and when the logi- 
cal value "1" is to be transmitted, "change" in the sym- 
bols is outputted. In order to convert signals that are 

so time division multiplexed in units of one bit into signals 
to which such a precoding is applied, it is necessary to 
encode information of the first input signal into a differ- 
ence between the first output signal and the second out- 
put signal, and information of the second input signal 

55 into a difference between the second output signal and 
the third output signal. 

[0051] Consequently, when the first output signal is 
determined by some operation, the second, third, 
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, and n-th output signals are uniquely 

determined from the first, second, , and 

(n-1)-th output signals and the first, second, 

, and (n-1)-th input signals, respectively. 

[0052] On the other hand, the first output signal 
appears in every n bits in the signal sequence that is 
multiplexed in units of one bit. In other words, a differ- 
ence between the symbol at one timing and the symbol 
at its neighboring time-slot in the first output signal will 

be affected by all of the first, second, , n- 

th symbols, so that the difference between the symbol at 
one timing and the symbol at its neighboring time-slot in 
the first output signal can be given by the exclusive OR 

calculation result of all of the first, second, 

, n-th input signals. 

[0053] Thus the desired precoding can be realized 
by the precoding circuit 100 in the circuit configuration 
shown in Fig. 6. For the multi-input EXOR circuit 110 
used in Fig. 6, either one of the multi-input EXOR circuit 
11 OA shown in Fig. 7 and the multi-input EXOR circuit 
1 10B shown in Fig. 8 can be used. 
[0054] In the multi-input EXOR circuit 11 OA shown 
in Fig. 7, the n sets of the input signals 1 00(1 ) to 1 00(n) 
are divided into pairs, and the exclusive OR calculation 
for each pair is carried out by the EXOR circuit 1 1 1 on 
the first column. Then, similarly, the outputs of the 
EXOR circuits 1 1 1 on the first column are divided into 
pairs again, and the exclusive OR calculation for each 
pair is carried out by the EXOR circuit 1 12 on the sec- 
ond column, and so on. The multi-input EXOR circuit 
1 10A has a configuration in which the above described 
operation is repeated until a single output is eventually 
obtained. 

[0055] Note that the pairs can be formed sequen- 
tially without producing any residual one all the way 
down to the end if n is a number in a form of a power of 
2, but the residual one for which the pair cannot be 
formed will appear if n is not a number in a form of a 
power of 2. In such a case, a pair can be formed by the 
residual one and the exclusive OR calculation result 
obtained from two others, and then the exclusive OR 
calculation for this pair can be carried out subsequently. 
[0056] In the multi-input EXOR circuit 11 OB shown 
in Fig. 8, arbitrary two of the n sets of the input signals 
1 01 (1 ) to 1 01 (n) are selected first, and the exclusive OR 
calculation of these two is carried out by the first EXOR 
circuit 1 15(1). Then, the exclusive OR calculation for the 
output of the first EXOR circuit 115(1) and another one 
input signal is carried out by the second EXOR circuit 
1 15(2), the exclusive OR calculation for the output of the 
second EXOR circuit 115(2) and still another one input 
signal is carried out by the third EXOR circuit 115(3), 
and so on. The multi-input EXOR circuit 110B has a 
configuration in which the above described operation is 
repeated until a single output is eventually obtained. 
[0057] Note that the configurations shown in Fig. 7 
and Fig. 8 are only examples, and in general it is possi- 
ble to realize the multi-input EXOR circuit 110 by any 



suitable combination of these configurations. For exam- 
ple, if n is not a number in a form of a power of 2, the 
configuration can be correspondingly modified as 
described above. In any case, it is possible to form the 
5 multi-input EXOR circuit 110 using (n-1) sets of EXOR 
circuits. 

[0058] In the case where the number of multiplexing 
signals n = 2, the precoding-multiplexing circuit 200 of 
Fig. 6 can be provided in a configuration shown in Fig. 

10 9. The precoding-multiplexing circuit 200A shown in Fig. 
9 operates as shown in Fig. 1 0. Note that the delay time 
of the circuit elements other than a one-bit delay 122 is 
ignored in Fig. 10. Also, in Fig. 10, regions of the signals 
for the logical value "1 M are depicted as hatched regions, 

is while regions of the signals for the logical value "0" are 
depicted as blank regions. 

[0059] In this exemplary case, the number n of the 
input signals 101 is 2, so that the precoding circuit 100A 
of Fig. 9 uses an EXOR circuit 110C in place of the 

20 multi-input EXOR circuit 110 of Fig. 6. The differential 
encoder 120A is formed by an EXOR circuit 121 and a 
one-bit delay 122. Here, the one-bit delay 122 delays 
the signal for one bit time. In order to feedback the sig- 
nal, the output of the one-bit delay 122 is connected to 

25 one of the inputs of the EXOR circuit 121 . 

[0060] In the precoding circuit 1 1 0A of Fig. 9, if two 
input signals 101(1) and 101(2) have the identical sym- 
bol (the logical value "0" and the logical value "0", or the 
logical value "1" and the logical value u 1"), the signal 

30 SG1 outputted by the EXOR circuit 1 10C remains at the 
logical value "0", and the signal SG3 to be outputted by 
the one-bit delay 122 also maintains its initial state. 
[0061] This operation is equivalent to that of the 
conventional precoder shown in Fig. 1 , for example, in 

35 which the output is obtained as the original logical level 
from the logical level in some initial state through a proc- 
ess of "maintain" & "maintain" with respect to the 
sequence "0", "0", or a process of "invert- & "invert" with 
respect to the sequence "1", "1". 

40 [0062] Also, in the precoding circuit 100A of Fig. 9, 
if two input signals 101(1) and 101(2) have mutually dif- 
ferent symbols (the logical value "0" and the logical 
value "1", or the logical value T and the logical value 
"0"), the signal SG1 outputted by the EXOR circuit 1 10C 

45 becomes the logical value "1 ", and the signal SG3 to be 
outputted by the one-bit delay 122 is inverted. 
[0063] This operation is equivalent to that of the 
conventional precoder shown in Fig. 1 , for example, in 
which the output is obtained as an inverted state from 

so some initial state through a process of "maintain" & 
"invert" with respect to the sequence "0°, "1", or a proc- 
ess of "invert" & "maintain" with respect to the sequence 

[0064] At the same time, the EXOR circuit 1 30 cal- 
55 culates the exclusive OR of the signal SG3 outputted by 
the differential encoder 120A and the input signal 
101(1). If the input signal 101(1) has the logical value 
"0", a signal identical to the signal SG3 will appear as a 
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signal SG4, and if the input signal has the logical vatue 
T, a signal obtained by inverting the logical value of the 
signal SG3 will appear as a signal SG4. 
[0065] Namely, as shown in Fig. 10, for example, 
starting from an initial state of the signal SG3 with the 
logical value "Ba" obtained from bits 1a and 2a, whether 
the logical level of the signal SG4 is to be maintained or 
inverted is determined according to whether the next bit 
1b is "0" or "1". 

[0066] The two signals SG3 and SG4 outputted by 
the precoding circuit 100A by the above described oper- 
ation are then time division multiplexed by the time divi- 
sion multiplexer 210, so as to realize the coding 
equivalent to the precoder of Fig. 1 . 
[0067] In this way, the precoding of all bits is com- 
pleted by shifting the sequence of bits to be processed 
from a bit pair 1a and 2a to a bit pair 1b and 2b. 
[0068] Thus, in the precoding-multiplexing circuit 
200A of Fig. 9, it is possible to carry out the precoding 
that equivalent^ corresponds to the transmission rate 
despite of the fact that the precoding circuit 100A is 
operated at the bit rate which is 1/2 of the transmission 
rate. Consequently, the operation bit rate required for 
the precoding circuit 100A is reduced to 1/2 of the trans- 
mission rate. 

[0069] In the case where the number of multiplexing 
signals n = 4, the precoding-multiplexing circuit 200 of 
Fig. 6 can be provided in a configuration shown in Fig. 
11. The precoding-multiplexing circuit 200B shown in 
Fig. 1 1 operates as shown in Fig. 1 2. Note that the delay 
time of the circuit elements other than a one-bit delay 
122 is ignored in Fig. 12. Also, in Fig. 12, regions of the 
signals for the logical value "1 n are depicted as hatched 
regions, while regions of the signals for the logical value 
"0" are depicted as blank regions. 
[0070] In this exemplary case, the number n of the 
input signals 101 is 4, so that the multi-input EXOR cir- 
cuit 1 10 of Fig. 6 is formed by three EXOR circuits. The 
differential encoder 1 20A is formed similarly as in Fig. 9. 
The precoding circuit 100B of Fig. 11 comprises the 
multi-input EXOR circuit 110D, the differential encoder 
120A and three EXOR circuits 130. Four parallel input 
signals 1 01 (1 ) to 1 01 (4) in the bit rate which is 1/4 of the 
transmission rate are entered at the inputs of the pre- 
coding circuit 100B of Fig. 11. 

[0071] The multi-input EXOR circuit 110D calcu- 
lates the exclusive OR of all of the four parallel input sig- 
nals 101(1) to 101(4) and outputs the calculation result 
as a signal SG1. The result of the differential encoding 
on this signal SG1 is then outputted from the differential 
encoder 120A as a signal SG3. 
[0072] Similarly as in the precoding circuit 100A of 
Fig. 6, the EXOR circuit 130(1) calculates the exclusive 
OR of the signal SG3 and the first input signal 101(1), 
and outputs the calculation result as a signal SG4(1). 
The EXOR circuit 130(2) calculates the exclusive OR of 
the signal SG4(1) and the second input signal 101(2), 
and outputs the calculation result as a signal SG4(2). 



The EXOR circuit 130(3) calculates the exclusive OR of 
the signal SG4(2) and the third input signal 101(3), and 
outputs the calculation result as a signal SG4(3). 
[0073] The time division multiplexer 210 arranges 

5 four signals SG3, SG4(1), SG4(2), and SG4(3) in order 
and time division multiplex them, and outputs the 
obtained result as a signal SG5. As can be seen from 
the exemplary operation shown in Fig. 12, the signal 
SG5 outputted by the precoding-multiplexing circuit 

. w 200B of Fig. 1 1 is equivalent to the signal outputted by 
the conventional precoder. 

[0074] Thus, in the precoding-multiplexing circuit 
200B of Fig. 1 1 , it is possible to carry out the precoding 
that equivalent^ corresponds to the transmission rate 
15 despite of the fact that the precoding circuit 100B is 
operated at the bit rate which is 1/4 of the transmission 
rate. Consequently, the operation bit rate required for 
the precoding circuit 100B is reduced to 1/4 of the trans- 
mission rate. 

20 [0075] Referring now to Fig. 13 and Fig. 14, the 
second embodiment of a precoding circuit and a pre- 
coding-multiplexing circuit according to the present 
invention will be described in detail. 
[0076] Fig. 13 shows a configuration of the precod- 

25 ing-multiplexing circuit of the second embodiment, and 
Fig. 14 shows exemplary signals in the precoding-multi- 
plexing circuit of Fig. 1 3. Note that the delay time of the 
circuit elements other than half-bit delays 151, 155 and 
156 of Fig. 13 is ignored in Fig. 14. 

30 [0077] The input signals 101 to be entered into the 
precoding-multiplexing circuit 200C shown in Fig. 13 are 
two parallel binary signals in the bit rate that is 1/2 of the 
transmission rate. Namely, two signals before the time 
division multiplexing are entered as parallel input sig- 

35 nals 101(1) and 101(2). 

[0078] The precoding-multiplexing circuit 200C of 
Fig. 13 comprises a precoding circuit 100C and a select 
tor 215. The selector 215 has the same function as the 
time division multiplexer 210 of the first embodiment. 

40 [0079] As shown in Fig. 1 4, the selector 215 outputs 
a result of alternately selecting one of the two signals 
103(1) and 103(2) outputted by the precoding circuit 
100C in a prescribed order, as a signal SG5. The bit 
rate of the signal SG5 is the same as the transmission 

45 rate, which is twice the bit rate of the input signals 1 01 . 
[0080] The precoding circuit 100C of Fig. 13 com- 
prises a half-bit delay 151, a reset unit 152, EXOR cir- 
cuits 153 and 154, and haif-bit delays 155 and 156. 
[0081] Each of the half-bit delays 1 51 , 1 55 and 1 56 

so outputs a signal obtained by delaying its input signal for 
1/2 bit time. 

[0082] The input signal 101(1) is directly entered 
into one of the inputs of the EXOR circuit 154, while a 
signal 102(2) obtained by delaying the input signal 
55 101(2) for 1/2 bit time by the half-bit delay 151 is entered 
into one of the inputs of the EXOR circuit 153. Conse- 
quently, there is a half bit phase difference between the 
signal 101(1) entered into the EXOR circuit 154 and the 
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signal 102(2) entered into the EXOR circuit 153. 
[0083] The signal outputted by the EXOR circuit 
154 is delayed for 1/2 bit time by the half-bit delay 156, 
and entered into another input of the EXOR circuit 153. 
Also, the signal outputted by the EXOR circuit 153 is 
delayed for 1/2 bit time by the half-bit delay 155, and 
entered into another input of the EXOR circuit 154. 
[0084] The reset unit 1 52 outputs a signal for reset- 
ting the initial states of the outputs of the two EXOR cir- 
cuits 153 and 154 to an identical state. For example, the 
initial states of the outputs can be made identical as the 
reset unit 152 sets the voltage of the current sources of 
the EXOR circuits 153 and 154 equal to 0. 
[0085] Because there is a half bit phase difference 
between the signal 103(1) outputted from the half-bit 
delay 156 and the signal 103(2) outputted from the half- 
bit delay 155, it is possible to realize the time division 
multiplexing into the signal SG5 in the same bit rate as 
the transmission rate by entering these signals directly 
into the selector 215. 

[0086] Thus the precoding-multiplexing circuit 200C 
shown in Fig. 1 3 can fulfill the same function as the pre- 
coding-multiplexing circuit 200A of Fig. 9. For example, 
as can be seen by comparing Fig. 14 with Fig. 10, the 
input signals 101(1) and 101(2) and the output signal 
SG5 are identical in the precoding-multiplexing circuit 
200C of Fig. 13 and the precoding-multiplexing circuit 
200A of Fig. 9. Also, the signal SG5 outputted by the 
precoding-multiplexing circuit 200C is equivalent to the 
signal outputted by the conventional precoder. 
[0087] The precoding circuit 100C of Fig. 13 han- 
dles signals 101 , 102 and 1 03 with the bit rate that is 1/2 
of the transmission rate, so that the precoding circuit 
100C can be formed by relatively slow circuit elements. 
Conversely, when circuit elements as fast as conven- 
tional ones are used in the precoding circuit 100C. the 
transmission rate can be increased twice compared 
with the conventional case. 

[0088] In addition, the precoding-multiplexing circuit 
200C of Fig. 13 has a better circuit symmetry so that it 
is easy to determine a layout at a time of forming this cir- 
cuit by IC. 

[0089] Moreover, becuase of a half bit phase differ- 
ence between the output signals of the precoding circuit 
100C, it is possible to realize the time division multiplex- 
ing by using a circuit such as a selector directly on these 
output signals. 

[0090] Furthermore, because of the reset unit pro- 
vided in the precoding circuit 100C, it is possible to pre- 
vent abnormal operations efficiently. 
[0091] Referring now to Fig. 15 and Fig. 16, the 
third embodiment of a precoding circuit according to the 
present invention will be described in detail.' 
[0092] Fig. 15 shows a configuration of the precod- 
ing circuit of the third embodiment, and Fig. 16 shows 
exemplary signals in the precoding circuit of Fig. 15. 
[0093] The precoding circuit of Fig. 15 fulfills the 
same function as the conventional precoder of Fig. 1. 



However, the precoding circuit of Fig. 15 has a configu- 
ration which is devised to shorten the internal delay 
time. 

[0094] In Fig. 1 5, a D-type flip-flop 1 60 connected to 
5 an output of an EXOR circuit 161 realizes the one bit 
time delay. 

[0095] As shown in Fig. 16, there is a time lag of 
about one period of the clock signal between the input 
(EXOR output) and the output (output signal) of the D- 

10 type flip-flop 1 60. When the propagation delay of the cir- 
cuit becomes unignorable compared with a time-slot of 
one bit due to the increase of the transmission rate, 
there is a possibility for a delay time required for the 
feedback to the EXOR circuit 161 to exceed the one 

15 time-slot time. 

[0096] As shown in Fig. 16, in response to the first 
"1" bit of the Input signal, the EXOR circuit 161 Inverts 
the logical value of the output signal (EXOR output) 
from "0" to "1" after an internal delay time d1. Also, a 

20 delay time d2 is required at the D-type flip-flop 1 60 since 
reading the signal outputted by the EXOR circuit 161 
until outputting it. 

[0097] The D-type flip-flop 160 is generally called 
master-slave type, which has a two-stage internal con- 

25 figuration formed by a master latch 162 and a slave 
latch 163. When the clock signal is "0 H , the master latch 
162 reads the input, and at an instance of the transition 
of the clock signal from "0" to "1 ", the logical level deter- 
mined inside the master latch 162 is read into the slave 

30 latch 163 while the output of the D-type flip-flop 160 is 
rewritten and the rewritten information is maintained 
until the clock signal becomes T state next. Conse- 
quently, the delay time d2 inevitably includes a delay of 
a half period of the clock required for the D-type flip-flop 

35 160 since reading the input until rewriting, in addition to 
the propagation delay of the circuit itself. 
[0098] In order for the precoder circuit to realize the 
one-bit delay, it is necessary for a sum of the above 
described delay times d1 and d2 to coincide with the 

40 one-bit delay time. However, when the total delay time 
exceeds the one-bit delay due to the increase of the 
transmission rate, the phase shift of signals at the input 
terminal of the EXOR circuit occurs and this in turn 
causes an operation error due to the occurrence of a 

45 notch in the output signal of the EXOR circuit as shown 
in Fig. 4. 

[0099] For this reason, the precoding circuit of Fig. 
15 has a configuration in which the signal 162a output- 
ted by the master latch 162 inside the D-type flip-flop 
so 1 60 is taken out and fed back to the input of the EXOR 
circuit 161. 

[0100] As shown in Fig. 16, the signal 162a output- 
ted by the master latch 162 has a delay time which is 
shorter by a half period of the clock signal than the out- 
55 put signal of the D-type flip-flop 160, so that by feeding 
back this signal 162a it is possible to reduce the influ- 
ence of the delay time within the D-type flip-flop 160 
considerably. Namely, even when the transmission rate 
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is further increased, it becomes possible to prevent the 
total delay time of the one-bit delay from exceeding the 
one-bit delay time. 

[0101] Apart from its use in place of the conven- 
tional precoder, the precoding circuit of Fig. 15 can also 
be used in various circuits that require one-bit delay. For 
instance, the differential encoder 120, 120A shown in 
Figs. 6, 9 and 1 1 may be replaced by the precoding cir- 
cuit of Fig. 15. 

[0102] Referring now to Fig. 1 7 to Fig. 21 , the fourth 
embodiment of a precoding circuit according to the 
present invention will be described in detail. 
[0103] Fig. 17 shows a configuration of the precod- 
ing circuit of the fourth embodiment, Fig. 18 shows one 
exemplary configuration of the precoding circuit of Fig. 
17 for an exemplary case of n = 2, and Fig. 19 shows 
exemplary signals in the precoding circuit of Fig. 18. 
Fig. 20 shows another exemplary configuration of the 
precoding circuit of Fig. 17 for an exemplary case of n = 
3, and Fig. 21 shows still another exemplary configura- 
tion of the precoding. circuit of Fig. 17 for an exemplary 
case of n = 4. 

[0104] The precoding circuit shown in Fig. 17 com- 
prises a preliminary processing circuit 1 70 and a feed- 
back circuit 180. The preliminary processing circuit 170 
comprises (n-1) sets of one-bit delays (T) 171 and a 
multi-input EXOR circuit 172. The feedback circuit 180 
comprises an EXOR circuit 181 and an n-bit delay (nT) 
182. 

[0105] An input signal entered into the preliminary 
processing circuit 170 is sequentially delayed for one bit 
time by each one of the (n-1) sets of the one-bit delays 
171 . The input signal of the preliminary processing cir- 
cuit 170 and signals outputted by the (n-1) sets of the 
one-bit delays 171 are entered into the multi-input 
EXOR circuit 172 where the exclusive OR of all these 
entered signals is calculated. 

[0106] The n-bit delay 182 of the feedback circuit 
180 delays the signal outputted by the EXOR circuit 181 
for n bit time, and enters the delayed signal into an input 
of the EXOR circuit 181. The EXOR circuit 181 calcu- 
lates the exclusive OR of the signal outputted by the 
multi-input EXOR circuit 172 of the preliminary process- 
ing circuit 1 70 and the signal outputted by the n-bit delay 
182. 

[0107] The precoding circuit of Fig. 17 can be used 
in place of the conventional precoder, or in place of the 
differential encoder 120, 120A of Fig. 6 t 9 and 1 1 . 
[0108] In general, in this type of circuit it becomes 
difficult to realize the one bit time delay in the feedback 
circuit when the signal bit rate becomes high. 
[0109] However, in the precoding circuit shown in 
Fig. 17, the delay time required at the feedback circuit 
180 is expanded to n times the one bit time by combin- 
ing the preliminary processing circuit 170 and the feed- 
back circuit 180. For this reason, the n-bit delay 182 is 
provided instead of the conventionally used one-bit 
delay in the feedback circuit 180. The n-bit delay 182 



carries out the time delay which is n times that of the 
one-bit delay and which can be relatively easily realized 
even when the bit rate is further increased. Conse- 
quently, when the circuit elements of the same bit rate 
5 are used, the precoding circuit of Fig. 1 7 can handle the 
higher transmission rate than the conventional pre- 
coder. 

[01 1 0] The precoding circuit of Fig. 1 7 has a config- 
uration based on the principle that, in order to determine 

w a next signal from a current signal and an n-bit prior sig- 
nal, it suffices to determine in advance whether a signal 
state is "maintained" or "inverted" over a period 
between the n-bit prior timing and the current timing. 
[0111] The multi-input EXOR circuit 172 shown in 

15 Fig. 17 can be realized by a circuit shown in Fig. 7 or 
Fig. 8, for example. 

[0112] When n = 2 in Fig. 17, the precoding circuit 
of Fig. 17 can be realized as shown in Fig. 18, and this 
precoding circuit of Fig. 18 operates as shown in Fig. 
20 19. Note that the signal delay of the EXOR circuits 173 
and 181 is ignored in Fig. 19. 

[0113] In the precoding circuit of Fig. 18, the input 
signal is split into two, and one of the split input signals 
is entered into the EXOR circuit 1 73. Another one of the 

25 split input signals is delayed for one bit time by the one- 
bit delay 171, and a delayed signal 179 outputted from 
the one-bit delay 171 is entered into the EXOR circuit 
173. A signal 189 outputted from the EXOR circuit 173 
is entered into the EXOR circuit 181 . A signal outputted 

30 by the EXOR circuit 181 is fed back to an input of the 
EXOR circuit 181 through a two-bit delay 183 that 
applies two bit time delay. 

[0114] The preceded signal is then outputted from 
the EXOR circuit 181. As can be seen from Fig. 19, this 

35 output signal is equivalent to the signal outputted by the 
conventional precoder shown in Fig. 1. 
[01 1 5] Similarly as inr1 7 can be realized even in the 
case where n is different from 2. For example, when n = 
3, the precoding circuit of Fig. 17 can be realized as 

40 shown in Fig. 20, and when n = 4, the precoding circuit 
of Fig. 17 can be realized as shown in Fig. 21. 
[0116] In Fig. 20, the preliminary processing circuit 
170 of Fig. 17 is formed by two one-bit delays 171(1) 
and 171(2) and two EXOR circuits 173(1) and 173(2). 

45 Also, the feedback circuit 1 80 of Fig. 1 7 is formed by an 
EXOR circuit 181 and a three-bit delay (3T) 184. The 
three-bit delay 184 feeds back the signal delayed for a 
time corresponding to three bits to an input of the EXOR 
circuit 181. 

so [0117] In Fig. 21, the preliminary processing circuit 
170 of Fig. 17 is formed by three one-bit delays 171(1), 
171(2) and 171(3) and three EXOR circuits 173(1), 
173(2) and 173(3). Also, the feedback circuit 180 of Fig. 
1 7 is formed by an EXOR circuit 1 81 and a four-bit delay 

55 (4T) 185. The four-bit delay 185 feeds back the signal 
delayed for a tim corresponding to four bits to an input 
of the EXOR circuit 181. 

[0118] Referring now to Fig. 22, the fifth embodi- 
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ment of a precoding circuit and a precoding-multiplexing 
circuit, according to the present invention will be 
described in detail. 

[01 19] Fig. 22 shows a configuration of the precod- 
ing-multiplexing circuit of the fifth embodiment. In Fig. 
22, the precoding circuit 100 and the time division mul- 
tiplexer 210 are the same as the precoding circuit 100 
and the time division multiplexer 210 shown in Fig. 5. In 
other words, the precoding-multiplexing circuit of Fig. 22 
is obtained by connecting a time division demultiplexer 
300 at an input of the precoding circuit 100 of Fig. 5. 
[0120] The time division demultiplexer 300 of Fig. 
22 has an input signal having the same bit rate as the 
time division multiplexed signals, demultiplexes this 
input signal into n sets of signals in a state before multi- 
plexing, and outputs these n sets of signals. Conse- 
quently, when the time division multiplexed signals are 
entered into the time division demultiplexer 300, the n 
parallel signals in a state before multiplexing are 
entered into the input of the precoding circuit 100. 
These n paralle signals have the bit rate which is 1/n of 
the transmission rate. 

[0121] Consequently, it suffices for the precoding 
circuit 100 to process signals which are slower com- 
pared with the transmission rate, so that it is possible to 
handle the high transmission rate similarly as in the 
case of Fig. 5. Also, the precoding-multiplexing circuit of 
Fig. 22 can use the time division multiplexed signals as 
its inputs, so that it is also possible to use this precod- 
ing-multiplexing circuit in place of the precoder of Fig. 1 , 
for example. 

[0122] Similarly as in Fig. 5, the precoding circuit 
100 of Fig. 22 can be realized in various configurations 
as described above. 

[0123] As described, according to the present 
invention, the encoding is realized by processing elec- 
tric signals before the time division multiplexing, so that 
it becomes possible for the precoding circuit to handle 
signals which are slower than the transmission rate, and 
therefore it becomes easier to realize the higher trans- 
mission rate. This is also effective in eliminating the dif- 
ficulty of shortening the delay time. 
[0124] Also, in the case of using the D-type flip-flop 
as the one bit delay, it is possible to eliminate the diffi- 
culty of shortening the delay time by feeding back sig- 
nals taken out from the output of the master latch. 
[01 25] Also, in the case of carrying out the encoding 
such as precoding, it is possible to eliminate the diffi- 
culty of shortening the delay time considerably by apply- 
ing the preliminary signal processing because the delay 
time required for the feedback circuit can be expanded 
to two bits or more. 

[0126] It is to be noted that, besides those already 
mentioned above, many modifications and variations of 
the above embodiments may be made without depart- 
ing from the novel and advantageous features of the 
present invention. Accordingly, all such modifications 
and variations are intended to be included within the 



scope of the appended claims. 
Claims 

5 1 . A precoding-multiplexing circuit, comprising: 

a precoding circuit for carrying out a precoding 
with respect to n sets of parallel input binary 
data signals having a bit rate equal to R/n, to 

10 obtain n sets of parallel precoded signals; and 

a time division multiplexer for time division mul- 
tiplexing the parallel precoded signals obtained 
by the precoding circuit, in units of one bit, and 
outputting a time division multiplexed output 

15 signal having a bit rate equal to R. 

2. The precoding-multiplexing circuit of claim 1, 
wherein the precoding circuit carries out the pre- 
coding such that the time division multiplexed out- 

20 put signal outputted by the time division multiplexer 
is equivalent to a signal that can be obtained by 
precoding a binary data signal having a bit rate 
equal to R that is time division multiplexed in units 
of one bit in advance. 

25 

3. The precoding-multiplexing circuit of claim 2, 
wherein the precoding circuit further comprises: 

a first EXOR circuit for calculating a first exclu- 
sive OR value of all of the n set of the parallel 
input binary data signals; 
a differential encoder for obtaining an encoded 
signal by maintaining an output logical value for 
the first input logical value while inverting an 
output logical value for the second input logical 
value in the first exclusive OR value calculated 
by the first EXOR circuit, and delaying for one 
time-slot time with respect to the parallel input 
binary data signals; and 
(n-1) sets of second EXOR circuits provided in 
correspondence to all but one of the n sets of 
the parallel input binary data signals, a first one 
of the second EXOR circuits calculating a sec- 
ond exclusive OR value of a corresponding one 
of the parallel input binary data signals and the 
encoded signal obtained by the differential 
encoder, and each of second to (n-1)-th ones of 
the second EXOR circuits calculating a second 
exclusive OR value of a corresponding one of 
the parallel input binary data signals and an 
output of an immediately previous second 
EXOR circuit; 

wherein the encoded signal obtained by the dif- 
ferential encoder and the second exclusive OR 
values calculated by the second EXOR circuits 
are outputted as the parallel precoded signals. 

4. The precoding-multiplexing circuit of claim 3, 
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wherein the first EXOR circuit is formed by a combi- 
nation of (n-1) sets of EXOR circuits. 

5. The precoding-multiplexing circuit of claim 3, 
wherein the differential encoder further comprises: 5 

an EXOR circuit having one input connected to 
an input of the differential encoder; and 
a delay for delaying an output of the EXOR cir- 
cuit for one time-slot time; w 
wherein an output of the delay is fed back to 
another input of the EXOR circuit while also 
outputted as an output of the differential 
encoder. 

15 

6. The precoding-multiplexing circuit of claim 3, 
wherein the differential encoder further comprises: 

an EXOR circuit having one input connected to 
an input of the differential encoder; and 20 
a D-type flip-flop connected to an output of the 
EXOR circuit and formed by a master latch and 
a slave latch, an output of the master latch 
being fed back to another input of the EXOR 
circuit while also entered into the slave latch, 25 
and an output of the slave latch being outputted 
as an output of the differential encoder. 

7. The precoding-multiplexing circuit of claim 3, 
wherein the differential encoder further comprises: 30 

(n-1) sets of first delay units connected in 
series, for sequentially delaying an input of the 
differential encoder, for one time-slot time at 
each first delay unit; 35 
a third EXOR circuit for calculating an exclusive 
OR value of all of the input of the differential 
encoder and (n-1) sets of outputs of the first 
delay units; 

a fourth EXOR circuit having one input con- 40 
nected to an output of the third EXOR circuit, 
an output of the fourth EXOR circuit being out- 
putted as an output of the differential encoder; 
and 

a second delay unit for delaying an output of 45 
the fourth EXOR circuit for n time-slot time, an 
output of the second delay unit being fed back 
to another input of the fourth EXOR circuit. 

8. The precoding-multiplexing circuit of claim 7, so 
wherein the third EXOR circuit is formed by a com- 
bination of (n-1) sets of EXOR circuits. 

9. The precoding-multiplexing circuit of claim 2, 
wherein n = 2 such that the parallel input binary 55 
data signals include a preceding signal which is to 

be time division multiplexed earlier and a subse- 
quent signal which is to be time division multiplexed 



later, and the precoding circuit further comprises: 

a first delay unit for delaying the subsequent 

signal for one half time-slot time; 

a first EXOR circuit having one input to which 

the preceding signal is entered; 

a second EXOR circuit having one input to 

which the subsequent signal as delayed by the 

first delay unit is entered; 

a second delay unit for delaying an output of 

the first EXOR circuit for one half time-slot time; 

a third delay unit for delaying an output of the 

second EXOR circuit for one half time-slot time; 

and 

a reset unit for resetting initial states of outputs 
of the first EXOR circuit and the second EXOR 
circuit; 

wherein an output of the second delay unit is 
fed back to another input of the first EXOR cir- 
cuit while an output of the third delay unit is fed 
back to another input of the second EXOR cir- 
cuit, and outputs of the second delay unit and 
the third delay unit are outputted as the parallel 
precoded signals. 

10. The precoding-multiplexing circuit of claim 9, 
wherein the time division multiplexer obtains the 
time division multiplexed output signal by alter- 
nately selecting the output of the second delay unit 
and the output of the third delay unit as constituents 
of the time division multiplexed output signal. 

11. The precoding-multiplexing circuit of claim 1, fur- 
ther comprising: 

a time division demultiplexer for time division 
demultiplexing binary data signals having a bit 
rate equal to R, into the n sets of the parallel 
input binary data signals having a bit rate equal 
to R/n which are entered into the precoding cir- 
cuit. 

12. A precoding circuit, comprising: 

an input receiving n sets of paralle input binary 
data signals having a bit rate equal to R/n; 
a precoder for carrying out a precoding with 
respect to the parallel input binary data signals, 
to obtain n sets of parallel precoded signals, 
such that time division multiplexed signals hav- 
ing a bit rate equal to R that can be obtained by 
time division multiplexing the parallel precoded 
signals will be equivalent to signals that can be 
obtained by precoding n sets of binary data sig- 
nals that are time division multiplexed in units 
of one bit in advance; and 
an output outputting the parallel precoded sig- 
nals obtained by the precoder. 
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13. The precoding circuit of claim 12, wherein the pre- 
coder further comprises: 

a first EXOR circuit for calculating a first exclu- 
sive OR value of all of the n set of the parallel 5 
input binary data signals; 
a differential encoder for obtaining an encoded 
signal by maintaining an output logical value for 
the first input logical value while inverting an 
output logical value for the second input logical 10 
value in the first exclusive OR value calculated 
by the first EXOR circuit, and delaying for one 
time-slot time with respect to the parallel input 
binary data signals; and 

(n-1) sets of second EXOR circuits provided in is 
correspondence to all but one of the n sets of 
the parallel input binary data signals, a first one 
of the second EXOR circuits calculating a sec- 
ond exclusive OR value of a corresponding one 
of the parallel input binary data signals and the 20 
encoded signal obtained by the differential 
encoder, and each of second to (n-1 )-th ones of 
the second EXOR circuits calculating a second 
exclusive OR value of a corresponding one of 
the parallel input binary data signals and an 25 
output of an immediately previous second 
EXOR circuit; 

wherein the encoded signal obtained by the dif- 
ferential encoder and the second exclusive OR 
values calculated by the second EXOR circuits 30 
are outputted as the parallel precoded signals. 

14. The precoding-multiplexing circuit of claim 13, 
wherein the third EXOR circuit is formed by a com- 
bination of (n-1 ) sets of EXOR circuits. 35 

1 5. The precoding circuit of claim 1 3, wherein the differ- 
ential encoder further comprises: 

an EXOR circuit having one input connected to 40 
an input of the differential encoder; and 
a delay for delaying an output of the EXOR cir- 
cuit for one time-slot time; 
wherein an output of the delay is fed back to 
another input of the EXOR circuit while also 45 
outputted as an output of the differential 
encoder. 

1 6. The precoding circuit of claim 1 3, wherein the differ- 
ential encoder further comprises: so 

an EXOR circuit having one input connected to 
an input of the differential encoder: and 
a D-type flip-flop connected to an output of the 
EXOR circuit and formed by a master latch and 55 
a slave latch, an output of the master latch 
being fed back to another input of the EXOR 
circuit while also entered into the slave latch, 



and an output of the slave latch being outputted 
as an output of the differential encoder. 

17. The precoding circuit of claim 13, wherein the differ- 
ential encoder further comprises: 

(n-1) sets of first delay units connected in 
series, for sequentially delaying an input of the 
differential encoder, for one time-slot time at 
each first delay unit; 

a third EXOR circuit for calculating an exclusive 
OR value of all of the input of the differential 
encoder and (n-1) sets of outputs of the first 
delay units; 

a fourth EXOR circuit having one input con- 
nected to an output of the third EXOR circuit, 
an output of the fourth EXOR circuit being out- 
putted as an output of the differential encoder; 
and 

a second delay unit for delaying an output of 
the fourth EXOR circuit for n time-slot time, an 
output of the second delay unit being fed back 
to another input of the fourth EXOR circuit. 

18. The precoding circuit of claim 17, wherein the third 
EXOR circuit is formed by a combination of (n-1) 
sets of EXOR circuits. 

19. The precoding circuit of claim 12, wherein n = 2 
such that the parallel input binary data signals 
include a preceding signal which is to be time divi- 
sion multiplexed earlier and a subsequent signal 
which is to be time division multiplexed later, and 
the precoding circuit further comprises: 

a first delay unit for delaying the subsequent 

signal for one half time-slot time; 

a first EXOR circuit having one input to which 

the preceding signal is entered; 

a second EXOR circuit having one input to 

which the subsequent signal as delayed by the 

first delay unit is entered; 

a second delay unit for delaying an output of 

the first EXOR circuit for one half time-slot time; 

a third delay unit for delaying an output of the 

second EXOR circuit for one half time-slot time; 

and ^ 

a reset unit for resetting initial states of outputs 
of the first EXOR circuit and the second EXOR 
circuit; 

wherein an output of the second delay unit is 
fed back to another input of the first EXOR cir- 
cuit while an output of the third delay unit is fed 
back to another input of the second EXOR cir- 
cuit, and outputs of the second delay unit and 
the third delay unit are outputted as the parallel 
precoded signals. 
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20. The precoding circuit of claim 12, further compris- 
ing: 

a time division demultiplexer for time division 
demultiplexing binary data signals having a bit s 
rate equal to R, into the n sets of the parallel 
input binary data signals having a bit rate equal 
to R/n which are entered into the input of the 
precoding circuit. 

10 

21. A differential encoder for carrying out a precoding 
with respect to input binary data signals, to obtain 
encoded signals in which an output logical value is 
maintained for a first input logical value while an 
output logical value is inverted for a second input is 
logical value, comprising: 

an EXOR circuit having one input to which the 
input binary data signals are entered; and 
a D-type flip-flop connected to an output of the '20 
EXOR circuit and formed by a master latch and 
a slave latch, an output of the master latch 
being fed back to another input of the EXOR 
circuit while also entered into the slave latch, 
and an output of the slave latch being outputted 25 
as an output of the differential encoder. 

22. A differential encoder for carrying out a precoding 
with respect to input binary data signals, to obtain 
encoded signals in which an output logical value is 30 
maintained for a first input logical value while an 
output logical value is inverted for a second input 
logical value, comprising: 

(n-1) sets of first delay units connected in 35 
series, for sequentially delaying an input of the 
differential encoder, for one time-slot time at 
each first delay unit; 

a first EXOR circuit for calculating an exclusive 
OR value of all of the input of the differential 40 
encoder and (n-1) sets of outputs of the first 
delay units; 

' a second EXOR circuit having one input con- 
nected to an output of the first EXOR circuit, an 
output of the second EXOR circuit being out- 45 
putted as an output of the differential encoder; 
and 

a second delay unit for delaying an output of 
the second EXOR circuit for n time-slot time, an 
output of the second delay unit being fed back so 
to another input of the second EXOR circuit. 



23. The differential encoder of claim 22, wherein the 
first EXOR circuit is formed by a combination of (n- 
1 ) sets of EXOR circuits. 55 
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